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Background: Noninvasive ventilation (NIV) may improve quality of sleep but patient-ventilator
asynchronies (PVA) may affect sleep structure. Possible changes in ventilation quality after
hospital discharge are poorly known.
Objective: To analyse the impact of different kinds of PVA on sleep disruption in chronically
ventilated neuromuscular patients after in-hospital optimization of ventilator setting with
nocturnal polygraphy, and to compare home and hospital PVA occurrence.
Methods: Eighteen patients were included in the study. PVA during hospital polygraphic moni-
toring and during successive home polysomnography were analysed. The relationships between
PVA and air leaks, sleep stages, and arousals or awakenings recorded during polysomnography
were investigated.
Results: Overall, PVA had a low rate of occurrence (4.32 events/h, IQR 1.75e6.25), but their
number was higher during home polysomnographies than in hospital (p Z 0.0039): their
increase was correlated to an increase in air leaks with respect to hospital monitorings
(p Z 0.020). Autotriggerings were the most common asynchronies, followed by ineffective
efforts (IE) and prolonged insufflations (PI). All asynchronies occurred more often in NREM than
in REM sleep. Autotriggerings and IE were more often associated with arousals than PI
(p < 0.05). PVA rate was correlated with arousals and awakenings rate (r Z 0.49,
pZ 0.03), but, due to the low PVA rate, only 12.69% of arousals and awakenings were associ-
ated with PVA.
Conclusions: Most kinds of PVA are often associated with arousals. Polygraphic monitoring may
help to improve ventilator setting. However, air leaks and autotriggerings may increase in
unassisted environments. Therefore, it may be useful to extend control of NIV effects at home.
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morenocturnal cardio-respiratorymonitoringsareperformedNocturnal noninvasive ventilation (NIV) in neuromuscular
disease is usually introduced with the aims of normalizing
nocturnal ventilation and diurnal gas exchange, alleviating
symptoms like fatigue or discomfort and improving survival.
In case of an imperfect setting of the ventilator and of
a poor adaptation to mechanical ventilation, nocturnal
application of NIV may inadequately correct respiratory
disorders, disturb sleep, and not improve quality of life. As
regards specifically quality of sleep during NIV in neuro-
muscular disease (NMD), the few studies where sleep
architecture has been reported have mostly found
improved sleep quality during NIV.1e7
However, in recent years it has been highlighted that
nocturnal ventilator support itselfmaydisturbsleep if air leaks
or patienteventilator asynchronies (PVA) occur.8 Unfortu-
nately, some leaks are inevitable during NIV but they can be
partly compensated, especially by pressumetric ventilators.9
As regards PVA, while some of them are directly caused by
leaks, others, like ineffective efforts, can also be influenced
by the setting10 or by the mode of ventilation.11e13 For
example, over-assistance induced by high levels of inspiratory
pressure,14 the flow cycled mode,15 or the addition of guar-
anteed volumemay increase the rate of ineffective efforts,16
while time cycled mode is associated with fewer PVA.17
It is nowgenerally accepted that PVAcannotbe recognized
with clinical inspection or evaluated considering only awake
patient comfort,18 and that, contrary to hypoventilation and
other respiratory disorders during sleep, they may not be
associatedwith significant changes in transcutaneous PCO2 or
oxygen saturation.19 Monitoring of breathing during sleep,
either with a cardio-respiratory polygraphy or a poly-
somnography, is essential to identify PVA and obtain a proper
ventilator setting.20 In the few studies performed to evaluate
the occurrence of PVA during NIV in NMD patients, nocturnal
polygraphic or polysomnographic monitoring aimed to mini-
mize PVA have not been done.10,21 In our institution set-up of
NIV is routinely controlled by polygraphy not only to improve
nocturnal blood gases, but also in the attempt to keep the
occurrence of PVA at a lower rate than described in previous
similar studies.9,10,21 However, despite ventilator settingmay
appear satisfactory after nocturnal monitoring performed in
thehospital, outcomesofNIVadministrationmaybedifferent
at home, where patients usually apply their ventilators.14
In this investigation, NMD patients, already submitted to
nocturnal in-hospital cardio-respiratory monitorings to
objectively verify ventilator nocturnal performance, were
submitted to home polysomnography. The aims of this study
were to analyse the relationship of each kind of PVA with
sleep stages, arousals and oxygen saturation, and to
compare the occurrence of PVA in the hospital and at home.Methods
Routine set-up and management of NIV in NMD
patients
In our Institution ventilator setting is established following
both diurnal evaluation of the patients and results ofnocturnal cardio-respiratory polygraphicmonitorings. One or
to refine parameters of ventilation that are previously set
during the day. Patients themselves or their care-givers fill
out a sleep diary with times of subjective sleep onset and
awakenings. In addition, a visual analogue questionnaire is
administered to evaluate subjective quality of sleep.22
Pressumetric ventilation, and in particular pressure assis-
ted controlled ventilation (PACV), is the preferred nocturnal
NIVmodality in our Institute, as it has proven to be one of the
best tolerated modes of NIV in NMD.16 As the effects of posi-
tive end-expiratory pressure (PEEP) have not yet been
completely clarified18,23,24 PEEP is added in case of obstruc-
tive events,25 and is possibly taken into account if ineffective
efforts are detected in polygraphic recordings and other
countermeasures are not helpful26; anyway, it is usually kept
as lowas possible to prevent an increase in expiratory leaks or
an activation of expiratory muscles with an increase in asyn-
chronies.10 Other modes of ventilation are tested in the rare
cases where PACV does not demonstrate satisfactory. Even-
tually, the most effective mode of ventilation is selected for
successive home use. Level of pressure support is established
on the basis of comfort, nocturnal gas exchange and early
morning blood gas analysis. If ineffective efforts are detec-
ted, the level of pressure support is set on the optimal
compromise between asynchronies and ventilation. A back-
up respiratory rate equivalent to two breaths under the
patient’s spontaneous respiratory rate (RR) is always set.25
Trigger sensitivity is adjusted for the best balance between
trigger effort and autotriggering. Inspiratory time (Ti) is
usually extrapolated from RR assuming an inspiratory to
expiratory ratio of 1:2. If a flow cycled mode is used,
a maximum inspiratory time is set.25 The potential use of
a chinstrap or an oro-nasal mask is discussed with all patients
if air leaks are excessive and cause asynchronies; however
NMDpatients do notwelcome these solutions. Humidification
is provided by active humidifier when needed.27Study population
All patients with NMD living in the area of Palermo, already
treated with NIV for at least six months, who had recently
undergone a routine in-hospital follow-up re-evaluation
while they were in a stable clinical condition, were
invited to participate to this study. Patients with a left
ventricle ejection fraction <40% were not included. In
some subjects ventilator setting had been refined during
this evaluation. All patients used the same ventilator (Idea
Ultra ResMed) with an optional double limb configuration
incorporating an expiratory spirometer and an appropriate
nasal mask. The “auto” modality was selected for the
trigger, which works primarily in response to pressure
variations, and that is usually indicated as the most
comfortable trigger modality by our patients. As humidifi-
cation may be associated with an increase in asyn-
chronies,28 in this study we included only patients who
were not troubled with nasal symptoms and did not use
humidifiers. The ventilator was equipped with a built-in
software (Easy diag Version 1.1.1, SAIME-RESMED, Savigny
le Temple, France) for the recording and the measurement
of several ventilation parameters, including mean
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matically calculated as percent differences between expi-
ratory and inspiratory tidal volumes (VTi  VTe/100).
Before discharge all subjects had undergone a nocturnal
cardiorespiratory monitoring to confirm adequacy of
ventilator setting. Twenty patients agreed to participate,
and were admitted to home polysomnography, which was
performed one to six months after hospital release.
The study was approved by the local ethics committee
and all subjects gave informed consent.Hospital polygraphic recordings
Nocturnal polygraphic monitorings were performed with
a validated commercially available device29 (Somnocheck,
Weinmann,Hamburg,Germany),andmanually initiatedat the
usual bedtime of the patients. The signals recorded included
airflow and calibrated pressure at the mask, abdominal and
thoracic movements, oxyhaemoglobin saturation (SaO2),
heart rate, respiratory sounds and body position. Recordings
were automatically analysed by the device software and
reviewed by a trained pulmonologist. Onset of sleep was
assumed 15 min after initiation of the recording. Morning
awakening was derived from patients’ diaries and observa-
tions of a sudden heart rate rise. Analysis was limited to the
estimated sleep period, calculated as the period between
estimated sleep onset and morning awakening. The following
SaO2 parameters were calculated: mean SaO2, lowest SaO2,
time spent with SaO2 <90% (T < 90) and oxygen desaturation
index (ODI) (number of oxygen desaturations4% per hour) of
the estimated sleep period. Standard definitions for respira-
tory events cannot be easily applied to ventilated subjects.
Therefore we took into account events as proposed by Gon-
zalez-Bermejo et al.20 and defined respiratory events as
follows: (A) Events with reductions in respiratory drive:
disappearance of thoraco-abdominal movements, lasting at
least 10 s, or reduction of thoraco-abdominal movements
without phase opposition lasting at least 10 s with a desatura-
tion> 3%, with pressure signal unchanged and switch to back-
up ventilation. (B) Events without reduction of respiratory
drive and with upper airway obstruction: phase oppositions in
thoraco-abdominal movements lasting at least 10 s (total
obstructions), or partial phase oppositions in thoraco-
abdominal movements with a desaturation > 3% (partial
obstruction), with pressure signal unchanged and switch to
back-up respiratory rate. The rate of respiratory events per
hour of the estimated sleep period was calculated. PVA were
manually evaluated. The ventilator rhythm was derived from
the pressure curves. PVA included ineffective efforts (IE),
auto-triggerings (AUTO), double triggerings (DT) and pro-
longed insufflations (PI). IE were defined as uncouplings of
patient’s respiratory effort and ventilator support; resump-
tion of normal ventilation was defined by the occurrence of
three consecutive synchronized breaths. Since three consec-
utive IE have often been considered as a single PVA, often
called unrewarded respiratory effort,19 in this study each
sequence of three IE was classified as only one PVA. DT were
defined as two cycles separated by a very short expiratory
time. AUTO were defined as the occurrence of at least three
rapid successions of pressurization clearly above that of the
patient’s respiratory rate. PI or late expiratory cycling (hang-up) was defined as prolongation of mechanical insufflation
beyond the end of patient inspiration, evaluated on the
thoracic and abdominal movements signals. Finally, the total
number of asynchronies was calculated and a nocturnal
asynchrony index (AI) was calculated as the sum of all asyn-
chronies/estimated sleep period.
Domiciliary nocturnal polysomnographic recording
A standard polysomnography was performed at home. In
addition to the signals already used in hospital polygraphies,
three unipolar EEGs (one frontal, one central and one
occipital), right and left electrooculograms, and electro-
myogram of the chin muscle for conventional sleep staging
were recorded (SomnoLab 2 AASM, Weinmann, Hamburg,
Germany). All polysomnographic studies were manually
scored both for sleep and respiratory parameters by an
experienced sleep specialist. Two physicians, blinded to the
results of the hospital recording, scored the studies. Sleep
was scored according to AASM 2007 criteria.30 Total sleep
time (TST), sleep efficiency (defined as TST/total recording
time 100), percentage of each sleep stage, and wake after
sleep onset (WASO) were measured. Arousals were scored
according to AASM rules.31 Arousals lasting >15 s were clas-
sified as awakenings. An arousal or awakening was consid-
ered secondary to asynchronies when occurring within 15 s
after an asynchrony.32 As indexes of sleep fragmentation, we
considered the Arousal/Awakening Index (Ar/AwI: total
number of arousals and awakenings/TST (h)) and the Asyn-
chrony Arousal/Awakening index (AsynAr/AwI: number of
arousal and awakenings correlated to asynchrony/TST (h)).
Recording and analysis of respiratory signals was similar to
that described for hospital polygraphies, but ODI, AHI, and AI
were calculated per hour of objectively measured TST.
Statistical analysis
To assess if the study variables had a normal distribution, the
KolmogoroveSmirnov test was used. Normal distributed data
were expressed as mean  SD, and non-normal distributed
data were expressed as median and interquartile range.
KruskaleWallis test followed by Student-NewmaneKeuls
testwas used for comparisons between asynchrony types and
sleep stage related differences. Differences between
frequencies of arousals associated with asynchronies were
analysed by the c2 test. Friedman test with post hoc analysis
by the Wilcoxon signed-rank test with the Bonferroni
correction was used to compare asynchronies in hospital and
at home. Correlation analysis was performed using Spear-
man’s rank correlation. A two tailed p value<0.05 was taken
to indicate statistical significance. Statistical analysis was
performed using MedCalc for Windows (Version 11.1.1.0,
MedCalc Software, Maria Kerke, Belgium).
Results
Baseline data
A total of 18 patients were included in the study. Two
patients (both previously using PACV ventilation) were
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kidney stones, and the second one because the poly-
somnographic recording was not technically acceptable.
Sixteen patients were affected by Duchenne muscular
dystrophy, one patient by mitochondrial myopathy and one
patient by myasthenia gravis. Characteristics of the study
population and diurnal respiratory function data are shown
in Table 1.Hospital polygraphy
Nocturnal SaO2 and the rate of respiratory events per hour
were satisfactory in all subjects (Table 2). All types of PVA
were infrequent. The median AI was 1.55 (IQR 1.0e2.42).Home polysomnography
Sleep structure and respiratory data are shown in Table 3.
TST was less than four hours in three patients. Mean sleep
efficiency was low. Median ArAwI was 16.39 (IQR
12.42e25.98).
Among asynchronies most AUTO were observed in stages
N1 and N2, while PI in stage N3 (p < 0.05). IE and AUTO
were more often associated with arousals or awakenings
(Fig. 1) than PI. (p < 0.05) (Table 4). No DT were observed.
Most PI were observed in the only patient ventilated in the
volume guaranteed pressure support (PSV-VG) mode.Table 1 Characteristics of the study population, diurnal
respiratory function data and set-up of NIV.
Variable Value
Gender (M/F) 16/2
Age (yrs) 30.11  6.6
BMI (kg/m2) 20.57  4.9
pH 7.39  0.03
PaO2 (mmHg) 86.38  10.93
PaCO2 (mmHg) 41.66  3.57
FVC (L) 564 (IQR 360e607)
FEV1 (L/s) 405 (IQR 300e585)
MIP (cmH20) 18  15.22
MEP (cmH20) 13  9.27
LVEF (%) 46.33  13.4
Ventilation mode 14 PACV/0, 2 PACV/4, 1 ACV, 1 PSV-VG
IPAP (cmH2O) 15.27  1.14
Back-up rate 16.94  1.88
Ti (sec) 1.07  0.14
Data are expressed as mean  SD or median (IQR). BMI Z body
mass index; PaO2 Z arterial oxygen tension; PCO2 Z arterial
carbon dioxide pressure; FVC Z forced vital capacity;
FEV1 Z forced expiratory volume in 1 s; MIP Z maximal static
mouth inspiratory pressure; MEP Z maximal static mouth
expiratory pressure; LVEF Z left ventricle ejection fraction;
PACV/0 Z pressure assisted controlled ventilation without
expiratory pressure; PACV/4 Z assisted pressure controlled
ventilation plus 4 cmH2O expiratory pressure; ACV Z assisted
volume ventilation; PSV-VG Z volume guaranteed pressure
support ventilation; IPAP Z inspiratory pressure;
Ti Z inspiratory time.However, unexpectedly, some PI were found also among
patients under PACV ventilation.
Total ArAwI was positively correlated with AI (r Z 0.49,
p Z 0.03) and negatively correlated with % stage N3
(r Z 30 p Z 0.018). Overall, AsynArAwI accounted for
12.69% of the total arousal index.
SaO2 and AHI data were still satisfactory in all subjects.
Among asynchronies, only AUTO could be associated with
oxygen desaturations (Table 4).
Comparison between the home and the in-hospital
monitoring
No statistically differences in mean nocturnal SaO2,
t < 90%, or rate of respiratory events/hour were found
between nights when hospital polygraphies or home poly-
somnographies were recorded. More time was spent in the
supine position during the home polysomnography
(88.00%  19.47 vs. 75.63%  19.99, p Z 0.050). Data
downloaded from the ventilator showed on average more
nocturnal leaks (51.17  16.03 vs. 44.56  15.03%,
pZ 0.020 home vs. hospital) and similar minute ventilation
(4.35  2.06 vs. 4.08  2.11, p Z 0.07) during the home
recordings. Although the variation in air leaks from the
hospital to the home recordings was correlated with the
change in AUTO and in PI (r Z 0.70, p Z 0.0010, and
r Z 0.53, p Z 0.025, respectively), only the number of
AUTO was significantly higher in home polysomnographies,
while total number of IE and PI did not differ significantly
between recordings (Table 5). Subjectively, patients esti-
mated that their sleep quality was better during hospital
polygraphy than during home polysomnography (median
7.38 þ 0.69 vs. 5.5 þ 1.02, p < 0.0001) and that their sleep
duration was shorter during the polysomnographic than
during the polygraphic monitoring.
Discussion
The limited available literature on PVA in neuromuscular
patients suggests that severe asynchroniesmay be associatedTable 2 Polygraphic data (hospital recordings).
Respiratory events (no/h) 0 (0e2)
Respiratory events with
reductions in respiratory drive
0 (0e2)
Respiratory events without
reduction in respiratory drive
0 (0e0)
SaO2m (%) 96.61  0.97
T <90 (%) 0.16  0.51
ODI (n/h) 1.00 (0e4)
Nadir SaO2 (%) 89.9  3.06
Leaks % 44.56  15.03%
Data are presented as mean  SD or full range. SpO2mZ mean
nocturnal arterial oxygen saturation; T < 90 Z % time spent
with SaO2 below 90%; ODIZ oxygen desaturation index (number
of oxygen desaturations of 4% or more per hour of total
recording time); Nadir SaO2 Z lowest oxygen saturation; leaks
(%) Z difference between volume delivered by the ventilator
and expired tidal volume.
Table 3 Polysomnographic data (home recordings).
TST (min) 371.50 (IQR 279.00e427.00)
Sleep efficiency % 68.50 (IQR 52.00e82.00)
Sleep latency (min) 23.00 (IQR 17.00e41.00)
REM % 14.65 (IQR10.30e18.20)
N1% 17.05 (IQR 9.40e19.30)
N2% 53.55 (IQR 41.10e60.30)
N3% 17.20 (IQR 12.00e25.00)
WASO (min) 92.75 (IQR 75.00e138.00)
Arousal /Awakenings
index (N/h)
16.39 (IQR 12.42e25.98)
Asynchrony Arousal/
Awakening
index (N/h)
2.08 (IQR 0.66e4.66)
Respiratory events (n/h) 0 (0e3)
Respiratory events with
reductions in respiratory
drive
0 (0e2)
Respiratory events without
reduction of respiratory
drive
0 (0e1)
SaO2m (%) 97.11  1.27
T <90 (%) 0.27  0.46
ODI (n/h) 2.00 (0e6)
Nadir SaO2 (%) 89.5  3.43
Asynchrony index (E/h) 4.32 (IQR 1.75e6.25)
Leaks (%) 51.17  16.03
Data are presented as mean  SD or median and IQR or full
range TST Z total sleep time; N1 Z % NREM stage 1; N2 Z %
NREM stage 2; N3 Z % NREM stage 3; WASO Z Wake time after
sleep onset; SaO2m Z mean nocturnal arterial oxygen satura-
tion measured by pulse oximetry; T < 90 Z % time spent with
SaO2 below 90%; ODI Z oxygen desaturation index (number of
oxygen desaturations of 4% or more per hour of total recording
time); Nadir SaO2 Z lowest oxygen saturation; leaks
(%) Z difference between volume delivered by the ventilator
and expired tidal volume.
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Improved sleep quality results in improved quality of
life.35,36 Thus clinicians should recognize PVA and offer an
appropriate treatment. Theaims of thepresent studywere to
analyse the relationship of each kindof PVAwith sleep stages,
arousals and oxygen saturation in chronically ventilated
neuromuscular patients, and to compare PVA occurring in the
hospital environment and at home. A very low frequency of
PVA was found during NIV in both settings. Therefore,
a marked sleep disruption due to PVA could not be expected.
Actually, 87% of arousals were not related to PVA. Neverthe-
less thedata of this studydemonstrate a temporal association
between some kinds of PVA and arousals, confirming the close
relationship between imperfect coordination between
patient and ventilator and altered quality of sleep.20 In
addition, although the same ventilator, with the same
setting, was used in hospital and at home,magnitude of leaks
in the home environment was higher. Leaks were associated
with an increase in the total number of asynchronies, and in
particular in AUTO.
Frequency of asynchronies reported by previous studies
in neuromuscular patients was higher than in this study.10,21The preferential use of the PACV mode of ventilation and
the titration of inspiratory and expiratory pressure after
analysis of PVA recorded during nocturnal polygraphies to
ensure an optimal compromise between asynchronies and
ventilation may have minimized the occurrence of these
events, in particular of IE and PI, which are often caused by
inadequate titration of pressure or improper set up.37
Unlike the latter, AUTO are usually related to some char-
acteristics of patients as low respiratory drive and no
hyperinflation. Since neuromuscular patients have no
hyperinflation, they may be predisposed to this type of
events, especially during sleep, when uncontrolled leaks
occur.26 Accordingly, AUTO were the most difficult PVA to
counteract and were the most frequent type of PVA
observed both in the hospital and home recordings,
whereas IE were very rare. AUTO were occasionally asso-
ciated with oxygen desaturations. This association was not
observed for the other PVA. However, our patients had
a high baseline SaO2, so that PaO2 reductions consequent to
abnormal respiration may not have resulted in detectable
SaO2 falls. We do not believe that the increase in AUTO
during polysomnographies in our patients was caused by the
kind or the sensitivity of the trigger or by the ventilator
assembly, since they were the same during both recordings.
Few studies have investigated the association between
PVA and sleep stage. In the present study IE occurred
mainly in NREM sleep. This was similar to what reported by
Guo, who studied patients with obesity-hypoventilation
syndrome,19 and Fanfulla, who studied neuromuscular
patients.10 By contrast, no association between AUTO or PI
and sleep stage has yet been described. In the present
study most AUTO and PI were observed in NREM sleep
stages. Possible reasons for these associations are unclear.
As AUTO are related to air leaks, it could be hypothesized
that higher leaks in NREM sleep were responsible for the
more common occurrence of AUTO in this sleep stage.
However, despite in one study a trend to higher leaks in
NREM sleep was reported, the difference between NREM
and REM leaks was not significant.38 Type of leaks (inspi-
ratory or expiratory, stable or variable) could also play
a role, although it is unknown how they vary in relationship
to sleep state. As regards PI we are aware that their
occurrence could be expected in the patient under PSV-VG
ventilation, possibly in relationship to leaks, but not among
subjects receiving a time-cycled ventilation. Nevertheless,
a small number of PI was observed even among these
subjects, probably as a consequence of an unexpected
delay in the opening of the expiratory valve associated with
leaks.
The relationship between asynchronies and sleep
disruption needs a comment apart. One previous study
demonstrated a correlation between asynchronies and Ar/
AwI,13 which is consistent with the present findings.
Consequently, PVA may favour permanence in light NREM
sleep, while decreasing stable stage N3. However, we also
evaluated the contribution of each asynchrony to sleep
disruption. In particular, IE and AUTO were found more
often associated with arousals than PI. Therefore, the
former asynchronies should deserve more attention as
a possible cause of sleep disruption.
Our observation that in some patients home leaks
increased in comparison to hospital leaks is novel. In fact,
Figure 1 The arrow indicates four rapid successions of pressurizations above the patient’s respiratory rate (autotriggering). This
event was followed by an arousal.
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setting. To our knowledge, only one such report has been
published, where a small cohort of patients was investi-
gated, and magnitude of leaks was shown to be increased
over a 2-month period of home NIV treatment.39 Different
hypotheses can be formulated to explain this increase.
First, the longer time spent in the supine position in home
recordings, which was probably favoured by poly-
somnography itself, may have enhanced mouth breathing
and leaks. In fact, in obstructive sleep apnoea mouth
breathing is more commonly observed in this position.40
Second, little experience and limited skill of the patients
or of their carers with nasal masks and ventilator may have
resulted in an increase in air leaks.41,42 Chatwin et al. found
that one of the most common problems encountered at
home was the under-recognition of mask or tube damage by
the patient or the carer, despite provision of a competency-Table 4 Number and distribution of asynchronies during sleep,
awakenings.
Stage IE AUTO
N (%) % with
dSpO2
% with
Ar/Aw
N (%)
N1-2 49 (50.51) 0 65.30* 233 (69.76)
N3 38 (39.17) 0 10.52 80 (23.95)
R 10# (10.30) 0 80 21# (6.27)
IE Z ineffective efforts; AUTO Z autotriggerings; PI Z prolonged i
awakenings; *p < 0.05 IE and AUTO vs PI associated with arousal. #pbased education programme.43 During the present study,
we found that some patients, after discharge, rearranged
their mask to maximize comfort, and this may have
affected the quality of NIV. One of the consequences of
leak augmentation may have been the increase in AUTO. In
fact, we observed that the increase in AUTO during poly-
somnography was correlated with the variation of air leaks.
Leaks may require a lower trigger sensitivity in order to
prevent AUTO. Some modern ventilators are now able to
automatically modify trigger sensitivity in relationship to
air leaks, which could decrease AUTO occurrence. In fact,
a low trigger sensitivity is the best recognized cause of
AUTO. Therefore, the present data indicate that the eval-
uation of leaks over time is of relevance. Leak variation was
also correlated with the variation in PI, but this correlation
was weak, and did not give rise to a significant increase in
PI during polysomnographies. Conversely a correlationand their association with oxygen desaturation or arousals/
PI
% with
dSpO2
% with
Ar/Aw
N (%) % with
dSpO2
% with
Ar/Aw
4.52 45.92* 26 (43.33) 0 0
1.94 20 32 (53.33) 0 0
0 90 2# (3.33) 0 50
nsufflations; dSpO2 Z oxygen desaturation; Ar/Aw Z arousals/
< 0.05 NREM vs REM.
Table 5 Asynchronies in polygraphic and polysomnographic recordings.
Asynchronies Polygraphy Polysomnography p
IE 0.42 (IQR 0.14e0.57) 0.29 (IQR 0e2.0) p Z 0.63
PI/h 0.28 (IQR 0e0.57) 0.50 (IQR 0.28e1) p Z 0.13
AUTO/h 0.57 (IQR 0.14e0.71) 1.16 (IQR 0.50e3.14) p Z 0.0039
Asynchrony index 1.55 (IQR 1.0e2.42) 4.32 (IQR 1.75e6.25) p Z 0.043
Data are expressed as median (IQR) E/h. IE Z ineffective efforts; PI Z prolonged insufflations; AUTO Z autotriggerings.
1484 G. Crescimanno et al.between leaks and IE was not found in this study. In that
regard, a significant, but weak correlation was found by
other authors.44
Some limitations should be mentioned. First, only one
type of mechanical ventilator was used to provide assisted
ventilation. The results obtained with this ventilator may
not be applicable to other ventilators. Second, we relied
on measurements performed by the ventilator software for
leak values, which, to our knowledge, have not been
validated; however, the correlation between leaks and
AUTO variations that we found supports that the instru-
ment was reliable in showing an increase in air leaks from
hospital to home. Finally, we did not monitor sleep by EEG
in the hospital recordings: then, we could not compare the
rates of PVA during sleep in hospital and at home.
However, subjective data suggest that sleep duration was
longer during hospital polygraphies than during home
polysomnographies. Possibly worse discomfort caused by
the polysomnographic equipment was responsible for the
shorter sleep duration and the worse subjective sleep
quality during home recordings. Therefore, assuming that
PVA occurred during sleep also in the hospital polygraphic
recordings, the increase in AUTO we observed in home
recordings not only represents a real increase in their rate
during sleep, but it may even be an underestimation.
In conclusion, PVA in neuromuscular patients may be
often associated with arousals, which makes it important
to keep them as rare as possible to preserve sleep quality.
Any nocturnal monitoring able to demonstrate PVA occur-
rence may help to improve ventilator setting so as to
minimize PVA episodes. However, the use of ventilators in
an unassisted environment may be associated with
a deterioration of the quality of ventilation, with an
increase in air leaks and AUTO. Therefore, it may be useful
to extend control of NIV effects at home45e47 where
conditions of ventilation and sleep may be different from
hospital or laboratory.Acknowledgements
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